Representational difference analysis (RDA) was used as a molecular approach to identify unique sequences associated with postweaning multisystemic wasting syndrome (PMWS) in pigs. Three rounds of subtractive hybridization and amplification between driver DNA extracted from normal pigs and tester DNA from PMWS-affected animals were performed. The final product corresponding to sequences associated with PMWS in pigs was analyzed using agarose gel electrophoresis, and 9 fragments were visualized after staining with ethidium bromide. Eight recombinants were successively cloned and sequenced, and the results were then compared with existing databases. Most of the PMWS clones isolated were satellite sequences from pig centrometric regions and 1 was a microsatellite sequence. One clone represented a microsatellite sequence, and 2 clones showed no homology with any gene found in the databases. The sequence comparison data did not reveal any homology with an infectious agent such as a virus or a bacterium. In the present experimental setting, it was concluded that PMWS in pigs triggers molecular changes such as an amplification of genomic regions containing repeated sequences.
Postweaning multisystemic wasting syndrome (PMWS) in pigs has recently been identified in North America and in Europe. 6 PMWS usually develops at an early age, 3-5 weeks, and mortality averages 10%. 9 The most frequent clinical signs are wasting, dyspnea, diarrhea, and pallor. 1, 8 Enlargement of lymph nodes is also common. Original observations associated PMWS lesions with the presence of porcine circovirus type 2. Although circoviruses are known to induce diseases in nonmammalian species (e.g., chicken anemia), the direct effect of such a virus in pigs with PMWS has never been clearly demonstrated. 6, 15 Parvovirus has also been found in tissue samples of some affected animals. Experimental data have indicated that coinfection with porcine circovirus type 2 and a porcine parvovirus isolated from primary kidney cells could reproduce the pathologic changes associated with PMWS. However, the clinical features of this disease have been reproduced only in gnotobiotic piglets. 10 Although these results provide some strong evidence for the involvement both viruses, the fact that the clinical signs were not observed strongly suggests that PMWS in pigs has a more complex etiology. 1, 5 The possibility of the involvement of other known and/or unknown microorganisms in the pathology of PMWS pigs cannot be excluded. The use of infectious molecular clones from viruses would be the ultimate way to prove that the disease is caused by the association of a pig parvovirus and a circovirus.
Research on PMWS has been based mainly on pathologic findings, and additional strategies are needed to further evaluate this disease. The purpose of this study was to apply a molecular approach to identify genetic changes associated with PMWS. Representational difference analysis (RDA) is a sensitive methodology recently developed for the isolation of genes via a subtractive approach. 12 RDA has been successfully applied in many fields of research, from cancer to virology and microbiology. [2] [3] [4] 17 For example, RDA has been applied to compare normal cells versus cancerous cells at the DNA level. In addition, RDA has also been used as an efficient means to identify new infectious agents (e.g., viruses, bacteria) associated with a disease. [2] [3] [4] The main advantage of such an approach is that the detection of new putative agents such as bacteria or viruses does not require existing knowledge of sequence information.
RDA is a method that uses the polymerase chain reaction (PCR) to amplify products resulting from subtractive hybridization between 2 sources of DNA. Usually, DNA from normal tissue, driver DNA, is hybridized in excess with tester DNA from abnormal tissue. In the initial reaction, both genomic DNAs are typically digested with a 6-base-pair (bp) restriction enzyme, generating fragments averaging 1.3 kb in size. During the process of subtractive hybridization, the se-quences that are homologous between the tester and primer DNA are mainly eliminated, and only unique sequences become available for amplification by PCR using specific adaptor sequences. This subtractive process is usually repeated 3 times, and the final amplified products are isolated, cloned, and sequenced. Subsequently, the information obtained is compared with that in various databases.
We used RDA to identify sequences associated with PMWS in pigs. Following 3 rounds of subtractive hybridization between normal and PMWS DNA, 9 unique fragments were successfully amplified and 8 recombinant clones were generated and analyzed by sequencing. Comparative analysis with existing databases shows mainly an amplification of centromeric satellite sequences in PMWS pigs. The data obtained did not reveal the presence of bacteria or viruses.
Material and methods
DNA samples. Blood specimens from 5 pigs from the same herd clinically diagnosed with PMWS and from 5 normal animals of the same herd were collected and stored at Ϫ80ЊC. Macroscopic and microscopic lesions corresponding to clinical features of PMWS were observed in affected pigs, and this group of animals was positive for circovirus type 2 by PCR. The DNA from each pool of individuals considered normal and affected was used as biologic material to perform the RDA.
Primer sequences. The following primer sets used in the present study were selected from a previously published list 12 : N Bam12, 5Ј-GATCCTCCCTCG-3Ј; N Bam24, 5Ј-AGGCAACTGTGCTATCCGAGGGAG-3Ј; J Bam12, 5Ј-GATCCGTTCATG-3Ј; J Bam24, 5Ј-ACCGACGTCGAC-TATCCATGAACG-3Ј; R Bam12, 5Ј-GATCCTCGGTGA-3Ј; and R Bam24, 5Ј-AGCACTCTCCAGCCTCTCACCGAG-3Ј.
PCR reaction conditions. The following conditions were used for all PCR amplification reactions: 94ЊC for 2 min (1 cycle) and 94ЊC for 1 min, 58ЊC for 1 min, and 72ЊC for 1 min (35 cycles). Reaction mixtures included 1 unit Taq polymerase, 100 mM dNTPs, 50 mM KCl, 10 mM Tris-HCl (pH 9), and 0.1% Triton X-100 in a total volume of 400 l.
RDA method. The conditions used to perform the RDA were essentially as previously described. 13 DNA from affected pigs was used as the tester, and DNA from normal pigs was used as the driver. The initial step of the RDA consisted of preparing products from tester and driver DNA that could be amplified by PCR. Two micrograms of driver and tester DNA were separately digested to completion using the restriction enzyme BamHI and ligated with 500 pmol of N Bam12 and N Bam24 primer sequences. Eighty nanograms of tester DNA was mixed with 1 g of driver DNA, and different aliquots were then used in for PCR with the N Bam24 primer at a concentration of 1 pmol/l. The total volume of the reaction was 400 l. The amplified products were size selected after agarose electrophoresis, and products between 150 and 1,500 bp were recovered by elution and then digested with BamHI. The size-selected tester DNA (0.4 g) was ligated to the second set of primers, J Bam12 and J Bam24, and hybridized at 67ЊC for 20 hr with 40 g of driver DNA. Subsequently, 4 g of hybridized DNA was subjected to 10 cycles of PCR amplification using J Bam24 primer, and the product was then treated for 30 min at 30ЊC with 20 units of mung bean nuclease. Finally, the nucleasetreated DNA was subjected to 20 cycles of PCR amplification using the J Bam24 primer followed by a digestion with BamHI. One hundred nanograms of this final product was ligated to the third set of primers, R Bam12 and R Bam24, at a concentration of 1 pmol/l. Two successive rounds of subtractive hybridization were then performed using 50 ng of tester DNA and 40 mg of driver DNA. Finally, the amplified DNA products were separated by electrophoresis on a 1% agarose gel and stained with ethidium bromide (10 mg/ml).
Cloning, sequencing, and sequence analysis. DNA from individual fragments was recovered by electroelution, ethanol precipitated with 0.1 volume 3 M NaOAc (pH 5.6) and 2.5 volumes ethanol (100%), and resuspended in 20 l of 10 mM Tris-HCl (pH 7.5). Fifty nanograms of DNA from each fragment were ligated into the pCRII vector by TA cloning and then transformed using the DH5␣ bacterial strain. a The DNA isolated from fragment 2 was very unstable and refractory to the TA cloning procedure. The nucleotide sequence of the different inserts was determined using the M13 forward and reverse primer and the Taq Dideoxy Terminator Cycle-sequencing kit. b Two recombinants randomly picked from each cloned fragment were sequenced to confirm that the insert from each clone was identical. Sequence comparison from existing databases was done using the Smith-Waterman algorithm. 14
Results
After 3 rounds of subtractive hybridization of DNA from normal and PMWS pigs, a total of 9 fragments from PMWS pigs, 1A, 1P, 3F, 4D, 5A, 6A, 7I, 8K, and 9H, were amplified by PCR. The banding pattern was obtained by agarose gel electrophoresis (Fig. 1 ). The size of the different fragments varied between 100 and 800 bp. The detection of the low-molecular-weight fragments, i.e., 8K and 9H, was visualized by overloading the samples on the agarose gel. Eight of the 9 isolated fragments were cloned and sequenced, and the data were compared with sequences in existing databases. The result of the analysis (Table 1) showed that the majority of the clones belong to the class of repeated sequences. No obvious similarity with viral or bacterial sequences was detected. Thus, clones 1P, 4D, 5A, 7I, and 6A were identified as pig centromeric satellite sequences, and clone 3F was identified as a pig microsatellite repeat.
Further analysis by sequence alignment shows that clones 7I and 1P, and 4D and 5A are overlapping. The sequence of 7I and 1P shows 60% homology with a Sus scrofa centromeric satellite (accession U42365). Similarly, the sequence of 4D and 5A also has 60% homology with the same pig centromeric sequence (U42365). Clone 6A shows a perfect match with a pig gender-neutral satellite sequence (accessions X16513, X16366). Clone 3F contains a unique sequence adjacent to a pig microsatellite repeat (accession AJ010403). Clones 8K and 9H contain a small insert, and no homology could be found with sequences in the databases.
Discussion
Although the presence of pig circovirus and parvovirus has been implicated in the pathology of PMWS in pigs, the etiology of this disease still remains largely unknown. 8, 10 The purpose of this study was to initiate investigations of this disease at the molecular level. DNAs from blood specimens from normal and PMWS pigs were analyzed by RDA to identify sequences that are only present in affected animals. Furthermore, the sequencing data from each clone was analyzed to identify whether a novel infectious agent was present in affected animals. The overall conclusion of this RDA is that repetitive sequences, either as centromeric satellites or as a microsatellite, were differentially amplified in the genome of PMWS pigs.
The sequence data of the clones did not provide conclusive evidence for the presence of infectious agents. Although RDA is a sensitive methodology, it also has some limitations. First, the power of detection of an infectious agent by RDA is about 1 copy/10 cells of infected tissue. Second, RDA is based on a subtractive procedure, and to clone differences between 2 sources of DNA the selected restriction enzymes should detect variation in the cutting pattern between tester and driver. In the present setting, the BamHI restriction enzyme was selected, therefore only 150-1500-bp BamHI fragments present in the DNA from affected pigs but absent in normal pigs could be amplified using the corresponding adaptor set. The results presented here are based on the use of only 1 restriction enzyme. However, the genome of a putative infectious agent present in PMWS pigs may have been unaffected by BamHI and therefore would have gone undetected during the subtractive process. Other combinations of restriction enzymes, primers, and adaptors should be tested.
There is 60% homology between the 2 groups of centromeric satellite sequences, 7I and 1P, and 4D and 5A, over a 400-bp region. Centromeric satellite sequences are formed by complex arrays of repeated sequences. At this stage of the analysis, it is not possible to determine whether clones 7I, 1P, 4D, and 5A are part of the same centromeric satellite region or whether clones 7I and 1P, and 4D and 5A are located on different chromosomes. The relatively high level of divergence between these repeated sequences and the Sus scrofa centromeric satellite U42365 suggests that clones 1P, 7I, 4D, and 5A represent a novel family of pig centromeric satellite sequences.
The majority of the clones match repetitive sequences. Because a pool of affected animals from the same herd was used in this study, the isolated clones may be the result of individual polymorphism. This hypothesis can certainly be supported for clone 3F; it is well established that microsatellites can be used to detect variation among individuals, and these sequences are a source of polymorphic markers useful for linkage analysis studies. However, a similar reasoning cannot be applied to centromeric satellite regions that are built from complex tandem arrays of repeated sequences, and variation is observed between chromosomes. 7 PWMS in pigs may trigger the amplification of centromeric regions containing complex arrays of satellite DNA and single-copy genes. For example, it has been reported that human centromeric sequences facilitate recombination with oncogenes leading to genomic amplification and the growth of tumors. Half of the locus containing the prion protein gene accounts for repeated sequences in mammalian species. 11 Further investigations are needed to obtain insights on the cellular and molecular etiology of PMWS in pigs.
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